SOUTH AFRICA'S PERFORMANCE has been dismal in dealing with the rising unemployment that the economy has been faced with since the 1970s. The purpose of this paper is to develop a labour model of the South African economy, which will be used in follow-up research to investigate the structural nature of the problem and to consider the question of whether the phenomenon of jobless growth is true for South Africa.
In this paper, a neoclassical labour market model of the South African economy is developed, distinguishing between a skilled and an unskilled labour market. The modelling of wages and employment is based on the systems approach followed by Layard and Nickell (1985, 1986) and Nickell (1988) . They use a framework of wage bargaining under imperfect competition and, as a result, include the role of labour unions and labour taxes on employers.
The estimated labour model will be incorporated into a fullyfledged neoclassical supply-side model and linked to the macroeconometric model of the University of Pretoria in order to investigate empirically whether unemployment is mainly structural in nature. The analysis, although outside the scope of this paper, will entail both demand and supply-side policy scenarios in an attempt to evaluate the relative efficiency of various policy strategies in solving the problem.
A LABOUR MODEL OF THE SOUTH AFRICAN
ECONOMY Based on the official definition, the labour force survey (Stats SA: 2002) reports an unemployment rate in South Africa in the region of 29 per cent. This figure, according to the expanded definition, is 40.9 per cent. In order to test the hypothesis of whether this problem is primarily structural in nature and whether the South African economy indeed experiences jobless growth, it is necessary to develop a neoclassical labour model of the South African economy, where the resultant wage and employment levels influence economic activity through the supply side of the macro-econometric model.
For empirical purposes, the South African labour market is divided into two parts: a skilled and an unskilled labour market. The distinction is based on differences in the wage determination processes and differences in the demand for skilled and unskilled labour, which result from different levels of productivity and the role played by labour unions.
The work of Layard and Nickell (1985, 1986) and Nickell (1988) is used as reference to model wages and employment. They follow a systems approach to ensure consistency in a neoclassical framework and employ the principles of wage bargaining under imperfect competition, emphasising labour market interactions. Their approach also includes the role of labour unions and labour taxes on employers.
Fallon (1992) and Fallon and Perreira da Silva (1994) have done representative work on the South African labour market, analysing employment and wage behaviour and linking labour market policies to growth performance. Gibson (2000) investigates whether lower wages will cause faster growth in South Africa, and whether higher wages for unskilled workers will improve the distribution of income.
(a) The theoretical framework
The labour market In modelling the labour market, a labour demand equation, a labour supply equation and a wage adjustment equation are defined and estimated. The labour market framework utilised in this study is based on the Layard-Nickell approach and is adapted from Whitley (1994) . A significant distinction of this labour market framework is the incorporation of market imperfections, i.e. imperfect competition in goods markets and the role of unions in wage setting, thereby relaxing the issue of whether the market clears or not. The framework acknowledges the existence of an equilibrium rate of unemployment or the NAIRU, i.e. a non-accelerating inflation rate of unemployment. Demand for labour is specified as: where is the real wage rate defined in terms of production prices, and is a set of exogenous variables affecting the demand for labour. These might include the real prices of other factors of production, the capital stock, and output.
Labour supply is defined as:
Where is the real wage rate defined in terms of consumer prices, and is a set of exogenous determinants such as the labour force, unemployment benefits and real interest rates.
Under market-clearing, the real wage rate is obtained by solving the demand and supply equations, by setting demand equal to supply:
where T is a set of tax variables causing a wedge between the real product wage and the real consumption wage. Market-clearing employment is given by:
In a disequilibrium framework, actual employment is typically determined as the minimum of the demand and supply and a wage adjustment mechanism is specified as:
where is a set of factors causing wages to deviate from their equilibrium values.
A reduced-form equation for the non-market-clearing model is:
This is different from the market-clearing case (equation 3) due to the inclusion of and The reduced-form representation of employment in the non-marketclearing case is:
The labour force (L) may be treated as exogenous or explained by a participation equation. Both instances allow changes in employment to be directly associated with changes in unemployment:
In practice, the excess supply of labour is proxied by the level of unemployment (U), giving:
which closely resembles the augmented Phillips curve: where is the expected price level. The Phillips curve, i.e. the relationship between inflation and unemployment, is therefore embodied in the dynamic adjustment mechanism to equilibrium.
The demand for labour
For purposes of consistency between factor demands and price setting, these equations and every decision about the supply of output ought to be derived jointly. Nickell (1988) argues that if this consistency is not present, the equilibrium level of employment consistent with the NAIRU may not correspond with that given by the labour demand function conditioned on equilibrium real wages. For this reason, Layard and Nickell {op. at) suggest the cost function approach as opposed to the production function approach be used to derive factor demands. For the purpose of generating a measure for capacity utilisation, the development of the neoclassical supply side prior to this study followed an approach where the cost function was directly estimated and then utilised to derive a consistent production function based on the principles of Shephard's duality. This approach ensures consistency between factor demands and the price setting mechanisms. The factor demands are now derived from a production function that is consistent with the underlying cost structures of the economy.
The approach can be summarised as follows: Assume a production function of the general form:
where is output, is employment, capital stock and technology. The labour demand function can be derived by rearranging the marginal productivity condition for labour under profit maximisation. A firm ensures profit maximisation by employing workers up to the point where the real wage equals the marginal product of labour:
Rearranging and substituting capital with the production function yields:
Assuming a Cobb-Douglas technology then gives:
with the labour elasticity of production.
labour supply
In order to derive a consistent model for unemployment, the supply of labour is specified as:
where is the economically active population, defined as that part of the population between the age of 15 and 65 that is eligible to work, and represents the labour force participation rate.
The rate of labour force participation is defined as:
where is the real wage rate defined in terms of consumer prices, and is a set of exogenous determinants of labour supply, including unemployment benefits, the role of labour unions; and real interest rates.
Wage determination
For purposes of closing the labour model, it is necessary to specify a model for wage determination, consistent with the rest of the supply side.
As Nickell (pp. at.) pointed out, a wage function has to be sufficiently general to encompass every possible mechanism of wage determination, i.e.: (1) supply and demand factors; (2) firms' profitmaximising and cost-minimising behaviour; (3) the role of unions and (4) processes of collective bargaining.
The wage determination model that is proposed and utilised here, is based on a union bargaining framework and assumes imperfect competition in goods markets. The framework is extended to incorporate the role of taxes that create a wedge between the real product and the real consumption wage. Firms are assumed to bargain over wages in order to maximise their expected real profits, where is the mark-up price the firm sets, is the expected aggregate production price level, is the firm's output, W the nominal wage and the labour demanded by the firm. Expected real profits can be written as a function with the form:
where denotes expected demand and capital stock.
A union, representing the labour force associated with a certain firm ( is assumed to bargain over wages in order to maximise it's utility where is a union member's utility if he is employed within the firm, and is his utility if not. The union member's utility functions may be written as: and where is the consumption after-tax wage and is expected consumer prices, denoting as the real consumption after-tax wage; denotes those variables that improve the worker's welfare while unemployed, e.g. the replacement ratio (or unemployment benefit relative to income).
The real consumption wage is dependent on the real product wage and the wedge between the two. These wedge elements consist of (1) taxes that change product relative to consumption wages, e.g. employers' labour taxes, employees' income taxes and taxes on consumption goods; and (2) the real price of imports . 5 Equations (20) and (21) can therefore be written as:
and where is the taxation element of the wedge.
Since employment can be written as a function of the form:
the union's utility function can be written as:
The wage function, resulting from a union-firm wage bargaining model such as that proposed by Nash (1950), is of the form:
Nickell (1985) proposes a separation between exogenous and endogenous elements. It is therefore useful to rewrite as where can be said to be the exogenous international terms of trade and the endogenous level of competitiveness. Including a measure for union power which is positively related to real wages, the wage equation can finally be written as:
with z the complete set of exogenous wage pressure variables:
For purposes of consistency between the factor demands and price setting mechanisms within a neoclassical framework where firms' decision-making processes are aimed at profit making, these equations are jointly determined. Imperfect competition in the goods markets and the role of labour unions in the price setting process are modelled.
A Cobb-Douglas cost function was estimated and validated as representative of the South African production structure and utilised to derive a consistent production function based on Shephard's duality principles. A production function is therefore used to derive the demand for labour within a framework of profit maximisation. A distinction is made between the demand for skilled and unskilled labour. Based on the theoretical exposition in the previous section, the demand for skilled labour is specified and estimated as:
+ where is real output and denotes the skilled relative to unskilled wage rate.
The demand for unskilled labour is specified and estimated as:
where is the nominal unskilled wage rate.
Labour supply is also divided into skilled and unskilled workers. Based on the availability of reliable data, total and skilled labour supply are estimated and used to derive the supply of unskilled labour.
Although total labour supply is specified as: with , it is estimated in the form:
where EAP is the economically active population. The set of exogenous determinants of labour supply such as unemployment benefits, the role of labour unions and international competitiveness, are mainly included in the short-run estimation of the model.
The supply of skilled labour may be defined as with where denotes the share of skilled labour in the total labour supply and refers to the level of education.
Skilled labour supply is estimated by: with only included in the short-run dynamics of the model.
Wage functions, consistent with the neoclassical cost-minimising approach and based on the Layard-Nickell framework, were specified for both the skilled and unskilled labour markets.
The skilled wage rate is specified and estimated as:
where denotes the real consumer skilled wage rate, Urate is the unemployment rate and signifies labour productivity. The other explanatory variables specified in the Layard-Nickell framework are included in the short-run dynamics of the wage model.
The unskilled wage rate is specified and estimated as:
where is the real consumption unskilled wage rate and, as before, Urate is the unemployment rate and signifies labour productivity. Similar to the model of skilled wages, the other explanatory variables included in the short-run dynamics of the wage function are those specified in the Layard-Nickell framework.
EMPIRICAL ESTIMATION RESULTS (a)

The data
The sources and construction of the data series used to estimate the theoretical model above empirically, as well as the univariate characteristics of the data, are discussed in Appendix 1. All data series were employed in first differenced form in error correction models, thus being considered to be integrated of order 1. The sample period is 1970 to 2000.
(b) Estimation technique
A single equation residual based estimation procedure was chosen , despite well-known potential defects. This methodology entails the determination of the long-run relationship through testing for stationarity of the residuals, employing an Augmented Dickey-Fuller test. If the null hypothesis of no cointegration can be rejected, calculating the percent critical values using response surface analysis (MacKinnon 1991:273-75) , 9 an error correction model can be estimated, containing both the long-run cointegration equation lagged by one period (called the error correction mechanism) as well as the short-run dynamic structure allowing for adjustment towards equilibrium.
(c) Estimation results
In this section the empirical estimation of the theoretical labour market model set out in the previous section is discussed. Six behavioural equations are reported, namely demand for skilled labour (ns), demand for unskilled labour (nu), total labour supply (j), skilled labour supply (ss), the real skilled wage rate, cpi deflated (wsratecpi), and the real unskilled wage rate, cpi deflated (wuratecpi). Total labour demand is determined as the total of the skilled and unskilled labour demand. Unskilled labour supply can be derived from total labour supply and skilled labour supply.
A number of conventions apply with regard to reporting of results. Lower-case letters indicate natural logs, and A indicates a first difference. Each relationship is written to distinguish the long-run solution of the equation from the short-run dynamics.
8
In a macro-modelling context, single equation estimation is still widely used by practitioners; see Bank of England (2000) for a description of modelling tools used to assist the Monetary Policy Committee in their modelling activities. More specifically, see labour market estimation (op .at.: 36-54).
9
The response surface for any number of regressors, excluding; any constant and trend components, can be calculated as where percent critical value.
Long-run solutions appear in square brackets, and follow from the usual practice of estimating error correction models. T-statistics are included in parentheses below coefficients. A standard set of diagnostic tests is shown. Probability values for the diagnostic tests (the probability of falsely rejecting the null hypothesis of a zero restriction on the coefficient or diagnostic) are given in square brackets.
Diagnostic statistics throughout suggest that equations are statistically well-specified, with no violations of the classical assumptions. BJ denotes the Bera-Jarque test for the normality assumption; LB and LM denote tests for serial correlation; Ramsey's RESET is a test for misspecification and ARCH and White denote tests for the homoscedasticity assumption. All tests are distributed with figures in parentheses denoting degrees of freedom. Recursive estimates also confirmed stability in the parameters throughout.
Demand for skilled labour
Skilled labour demand in the long run is specified and estimated in terms of real output and the skilled relative to unskilled wage rate. A dummy variable accounting for affirmative action legislation, being equal to 1 from 1995 onwards, as well as a dummy variable capturing the more extensive labour legislation (Employment Equity Act, etc) from 1999 onwards, were also included in the long-run cointegration equation.
Given the large degree of openness of the South African economy, international factors (denoted by an index intpos) such as the exchange rate, foreign investment, level of domestic and international competitiveness, share in world trade and the gold price, also influence the short-run dynamics of the system. 
Demand for unskilled labour
The demand for unskilled labour in the long run is specified and estimated in terms of real output and the nominal rather than the real product unskilled wage rate -on the plausible assumption that employers are foremost concerned about the impact of the wage bill of unskilled employees on the company's cash flow situation, especially against the background of increased and costly labour legislation. In addition, short-run dynamics are explained by socio-economic factors (denoted by an index socind) such as the level of education, and the provision of housing and basic services such as electricity, the crime rate, levels of disposable income, unemployment benefits and other government transfers. All these have a significant effect on the efficiency of labour in South Africa. 
Total labour supply
Labour supply is also divided into skilled and unskilled workers. Based on availability of reliable data, total and skilled labour supply are estimated and used to derive the supply of unskilled labour.
Although total labour supply theoretically is specified in terms of the economically active population and labour force participation (with labour force participation defined in terms of the real consumption wage rate and a set of exogenous determinants), it is estimated in one equation. Total population is used to proxy the economically active population.
As a result, the structural equation for total labour supply is estimated in terms of the total population, the total real consumption wage rate and dummy variables capturing affirmative action legislation since 1995 and the period of economic sanctions against South Africa between 1985 and 1994. Affirmative action legislation presumably improved the accessibility of the South African labour market for unskilled workers, which is by far the larger component of the total labour force, while the period of economic sanctions diminished the access of especially skilled workers to the international labour market and who had to seek jobs nationally.
The supply of labour in the short run is influenced by those variables determining the potential of the economy to increase the labour absorption capacity, i.e. the availability of job opportunities. In this respect it is plausible to assume that total labour supply in the short run is dependent on a set of international factors (denoted by an index intpos) such as the exchange rate, foreign investment, level of domestic and international competitiveness, share in world trade and the gold price. where s = total labour supply pop = total population intpos -international position index wratepi -total wage rate at constant 1995 prices, CPI deflated duml -dummy denoting affirmative action (0 up to 1994, 1 thereafter) sancdum = dummy denoting the period of economic sanctions against South Africa (1985-1994=1, 0 otherwise)
Skilled labour supply
The supply of skilled labour is defined as the share of skilled labour in the total labour supply, where the share of skilled labour is dependent on the real consumption wage rate and the level of education. The supply of skilled labour was estimated in a single equation with skilled labour supply a function of the real consumption wage rate, the level of education and a dummy variable presenting the period of economic sanctions against South Africa -as described above.
The significance of the level of education as an explanatory variable emphasises the importance of government policies directed towards skills development and education as a solution to the severe unemployment and poverty problems of the South African economy.
The dummy variable for affirmative action legislation since 1995 also proved to be a significant explanatory variable for the short-run dynamics of the supply of skilled labour.
